This paper presents a systematic review of the literature on the modalities used in computer-based interventions (CBIs) and the impact of using these interventions in the learning, generalisation, and maintenance of language comprehension and decoding skills for children with autism spectrum disorder (ASD), ending with an appraisal of the certainty of evidence. Despite the importance of both skills in the reading comprehension and overall learning, a limited number of studies have been found. These include seven studies on language comprehension and seven studies on decoding. The shortlisted studies were analysed and a very limited number of modalities were found to have been used; text, graphics, audio, video, and mouse movement are used in all the studies and are termed basic modalities. Statistical analysis was also conducted on three parameters: (1) outcome of the study; (2) generalisation; and (3) maintenance. The analysis showed that CBIs were effective in facilitating these children's learning; there was a significant improvement in the performance of children from the baseline to during and the post-intervention period. The analysis of generalisation has revealed positive results, indicating that the children were able to transfer information to a different setting or situation. Positive results are also noted from the analysis of maintenance, which indicate that the children retained information following the withdrawal of intervention. The combination of teachers' instructions and CBI has provided better results than using either of them separately. This study has discovered 23 potential modalities and 2 potential CBIs including serious games and virtual learning environments that can be explored for language comprehension and decoding skills.
Introduction
Children with autism spectrum disorder (ASD) have a neurological disorder, exhibiting difficulties in terms of two characteristics: deficiency in social communication, and restricted repetitive behaviours, interests, and activities [6] . Many concerned parents or guardians send their young children for an assessment when they observe that there is a delay in language development [47, 49] . Acquisition of a language among children with autism is characterised by dramatic delays; they can only speak when 38 months old, on average, compared with the average age of 8-14 months in typically developing (TD) children [77] . Reading comprehension is "the most important academic skill learned in school" [114, p 1] . It consists of two different components: decoding and language comprehension [56, 115, 124, 128, 148] . The capability of translating text into verbal speech is known as decoding and is only one area of general reading comprehension. Another very important part of reading comprehension is language comprehension, which refers to the understanding ability of the spoken language [45] .
The five essential elements of reading identified by the National Reading Panel (NRP) are as follows: (1) phonemic awareness; (2) phonics; (3) oral reading fluency; (4) vocabulary instruction; and (5) text comprehension instruction as well as different methods of implementing the five elements [45] . The first three components come under decoding, whereas the remaining two come under language comprehension. The review of relevant literature has shown that children suffering from ASD can properly decode texts. However, they face problems in language comprehension, which leads to poor reading comprehension.
Children with ASD typically require one-to-one instruction. Considering the wide use of computer-based intervention (CBI) to provide special education to different users based on the needs in terms of the skills to be learned by an individual, CBI is also suggested for teachers who deal with children affected by ASD as a supporting tool in their classroom setting [69, 74, 141] . CBI for children with ASD utilises different modalities, including text, images, audio, and others, for interaction with these children. These children learn by using one or more of the modalities available in CBI [146] . Modality is defined as "the type of communication channel used to convey or acquire information. It also covers the way an idea is expressed or perceived, or the manner an action is performed" [129, p 1] . Humans use their senses to perceive information presented to them in the natural environment. They also use actuators such as body, face, hands and voice to act upon the information. When two people interact with each other, one understands the actions performed by the actuators of the other person through his or her senses. Computers can be programed to interpret speech, hand gestures, and other actions performed by users. This would allow the user to use any of the modalities supported by the system rather than just the typical ones (text, mouse movement) available for the interaction in the system. There are a few computer-sensory modalities, such as automated speech recognition and computer vision, which imitate human sensor modalities. However, computers also have certain sensory modalities that humans do not have. For instance, computers are able to monitor the electrical activities inside the human brain and track eye movements of users. Computers are also able to perceive many human action modalities.
The development of multimodal interfaces has progressed over the last few years as researchers have shifted their area of interest from specialised to more generalised, robust, and transparent interfaces [64, 135] . This change stems from the realisation that communication between humans and their working environment is naturally multimodal, i.e., a person talks about an object while looking at it and pointing at it with his or her fingers. At the same time, humans also observe what others are saying and try to guess their feelings. A review by Oviatt [134] stated that the term multimodal system refers to a system in which a multimodal interface is implemented. However, considering the domain of this research, as the system is used for the intervention of children with ASD, the term CBI will be used throughout the paper.
The focus of this review paper is on two types of modalities: (1) human action modalities (voice, hand/body movement, facial expression, gaze, and others) and (2) computersensory modalities (audio, video, tactile, force, motion, and so on).
An important feature of the CBIs is to support these children in the generalisation and maintenance of skills learned through the CBIs. The reason being is that many of these children face difficulties in (1) generalising learned skills, i.e., transfer of skills learned from one particular situation or setting to untrained situations or settings and/or (2) maintaining skills over time, i.e., retention of skills over a period of time [103] .
Research on ASD has shown that these often exhibit cooccurring sensory processing problems for which they are provided intervention to self-regulate themselves in day-today life [32] . Although the problems associated with the sensory processing are neither specific nor universal to children with ASD, the level of abnormalities present in them is relatively high [48] . Therefore, the perception about the modalities supported by the CBI and its use among these children may vary from one child to another. Given the importance of language comprehension skills as well as the pros and cons of all the modalities for children with ASD, there is a need for effective CBIs using different modalities for language comprehension and the support in the generalisation and maintenance of skills learned, and hence a systematic review focusing on these aspects is warranted.
Related work
A search of literature reviews related to CBI for language comprehension skills of children affected by ASD was conducted. In particular, the focus was placed on studies that covered investigation of modalities. The use of these searching criteria over the internet did not return any meaningful results, except for two systematic reviews. Both of these are briefly summarised in the following paragraphs.
Ramdoss et al. [145] carried out a systematic review of studies in which researchers used CBIs to improve the literacy skills (e.g., reading, writing, and vocabulary) of students with autism spectrum disorder (ASD). They reviewed studies published between 1990 and 2010.
Among the various areas of literacy skills, the focus of research studies was on sentence and word construction, phonological awareness, reading, receptive and expressive language, and vocabulary development, among others. They found that the application of CBI to develop the literacy skills of children suffering from ASD is very promising. In comparison with our review, theirs focused on finding CBIs developed or used and the relevant information, including features, availability, price, and CBI requirements.
Khowaja and Salim [89] conducted a systematic review of strategies adopted by the national reading program (NRP) and CBIs for reading comprehension of children with autism, focusing on vocabulary instruction and text comprehension instruction; the studies reviewed were published between 2000 and 2011. Although two strategies, namely multi-media methods and explicit instruction in vocabulary instruction, as well as the question-answering method were discovered to be used more often compared with others, they noted these children my especially benefit from using the strategies recommended by NRP. They further explored the technology used in CBI and the effectiveness of using CBIs in the learning of individuals participating in the studies. A very limited number of CBIs were either custom-developed or used in different studies. However, they found that the use of CBIs as an additional resource improved learning at an individual level. The researchers briefly mentioned that certain modalities made learning more interactive. The highlight of the study was determining the effectiveness of using CBIs for reading comprehension.
None of the reviews conducted investigated the use of modalities for language comprehension skills of children affected by ASD. As such, the current review focuses on three main aspects related to language comprehension skills: (1) modalities used in different studies; (2) effectiveness of CBIs in which such modalities have been integrated; (3) identifying potential modalities and CBIs for future studies.
Method
A specific process as defined by [95] was followed to conduct this review. The process consists of the steps described in the following.
Planning the review
To carry out the search in the selected databases and journals, the research objectives were defined followed by the formulation of research questions, search strategy and criteria; the inclusion criteria are explained in this section.
Review objectives and research questions
To address the needs highlighted in Sect. 1, the systematic review began by identifying studies related to both components of language comprehension skills of children with ASD, with the objective to determine the following:
1. modalities used in the CBIs; 2. outcome of the CBI; 3. effectiveness of the CBI in the generalisation of information/skills learned; 4. effectiveness of the CBI in the maintenance of information/skills learned; 5. overall effectiveness of the CBI.
However, due to a very small number of previous studies available at this moment, the scope of the present review was expanded by including components of decoding (phonemic awareness, phonics and oral reading fluency) skills as well. The expansion of our study area would reveal the modalities used in those studies and modalities that could be investigated further in the studies of language comprehension skills and decoding skills of children with ASD. A total of six research questions were formulated to carry out a detailed review of the topic. The research questions related to the objectives are as follows: These questions will not only allow us to determine the modalities used and the outcomes of the CBI in which they are used but also determine the degree to which CBIs supported the children suffering from ASD to retain the skills learned for a longer duration and generalise the skills learned.
Search strategy
According to the guidelines given by Kitchenham [95] , once the research objectives are finalised and the research questions created, a formal searching strategy must be formulated so that all the empirical evidence related to the research objectives can be analysed. This plan involves defining the search space, including electronic databases and other attributes, as shown in Table 1 . All the research papers shortlisted and discussed in this review are referred to as part of the primary study, whereas this review itself is considered as the secondary study. During our search process, each primary source was also checked to identify references for additional relevant studies to be added to our review. In addition, a manual search was also performed in the selected journals mentioned in Table 1 . Then, the inclusion criteria were checked against each study found in the results.
Search criteria
The search criteria for the studies included in this review consist of two parts, S1 and S2. S1 is a substring made up of all the keywords associated with autism, such as autism, autistic and ASD. S2 is another substring of all the keywords related to modalities, such as modal, technology, game, virtual, brain, computer, tangible, video, haptic and gesture.
Boolean expressions S1 AND S2 were created to carry out the search. A sample search string based on the abovementioned expression is: (autism OR autistic OR ASD) AND (modal OR technology OR game OR virtual OR brain OR computer OR tangible OR video OR haptic OR gesture). The first part of the search string, i.e., S1, would reveal all the studies related to ASD, while the second part of the search string, i.e., S2 would reveal all the studies on CBIs for ASD and modalities used in each intervention. The search string was manually created for the individual databases and journals based on their respective functionalities. This has been treated as a process of learning and experimentation.
Inclusion criteria
The following set of criteria was utilised to determine the papers that would be covered in the review: (1) the study directly answers any one or more of the research questions; (2) is published in a peer-reviewed journal between 2000 and 2015; and (3) is written in English.
Data extraction and certainty level determination
A set of guidelines related to the data extraction process was followed to identify relevant information from the primary studies. A form was created with the following attributes to record information from the studies as part of the data extraction process. The attributes include: (1) title; (2) authors and their details; (3) journal; (4) year of publication; (5) focus of the study; (6) participants' information and their diagnosis; (7) modalities used in the study; (8) outcome of the CBI; (9) impact of learning on generalisation; (10) impact of learning on maintenance; and (11) certainty level.
The outcome of CBI on learning and its impact on the generalisation and maintenance of language comprehension and decoding skills were summarised in different ways based on experimental design used by the authors. For the studies in which authors used group-based designs or analysed the data in the group, an estimate of the standardised mean difference of effect sizes was computed from F-statistics or repeated measures of data using meta-analysis. We used meta-analysis, because this method can produce estimates of effect sizes more accurately [97] . For all those studies using a single-subject research design (SSRD), the Nonoverlap of All Pairs (NAP; [137] ) was calculated from the data presented in the graph. The raw data in most of the studies were not available. Therefore, the authors went through each figure presented in Sect. 4 of the shortlisted articles and identified the specific figures from which data had to be extracted. Each figure had one or more graphs. Thus, the approximated numeric value corresponding to each point in The literature on non-overlap methods for SSRD has shown that the number of these methods has increased since the last decade, and the difference between these methods is so subtle that each one can be easily confused with another. Among all the methods, NAP produces the most precise calculation as it uses all data points. Based on the work of Parker and Vannest [137] , NAP can be interpreted as the percentage of all pairwise comparisons throughout Phases A and B; this indicates the improvement in all these phases or the percentage of data that has improved in both phases.
NAP is conceptually described as a complete non-overlap index, as it compares all individual data points (n A × n B ). It is calculated as the number of improvements or positive (Pos) pairs plus half of the ties (0.5 × Ties), divided by all pairs (Pairs): NAP = [(Pos + 0.5 × Ties)/Pairs] that directly generate output from the raw scores.
The evaluation of certainty of evidence was based on the research design and the other methodologies' details [152] . The high certainty of evidence means that the likelihood is low that the effect will be significantly different from what past research has found that it might affect a decision. For each study, the certainty of evidence was classified as suggestive, preponderant, or conclusive, as per Fig. 1 . This classification of certainty of evidence is adapted from the research by Smith [159] and Simeonsson [156] .
From the three levels of certainty, the lowest level was classified as suggestive evidence; a category within which studies may have utilised intervention-only or AB design, though the true experimental design which includes multiple baselines, group-based design, or ABAB were not used. The second/middle level of certainty was categorised as preponderant evidence which dictates five qualities for the studies within this category. The studies must: (1) utilise an experimental design (the use of experimental control, e.g., comparing the effectiveness of two or more treatments on the same behaviour in alternating treatment design, is, however, also necessary for single-case studies); (2) report treatment fidelity measures and sufficient inter-observer agreement (i.e., at least twenty per cent of the total sessions having an agreement or reliability of 80% or more); (3) operationally define the dependent variables; (4) provide adequate details to allow replication; (5) in certain ways be restricted in their ability to regulate the alternative descriptions of the effects of the treatment. For instance, if there is a study in which authors investigate two different types of interventions (CBI and TBI using DTT) with same or similar dependent variables and there was no influence of the features of study design on the learning, generalisation and maintenance of language comprehension, and decoding skills-dependent variable of an individual through non-CBI. This type of study would be classified to a preponderant level. Lastly, the conclusive is the highest level of certainty. In this category, the attributes were the same in each study as of those in the preponderant level; however, a certain control for alternative explanations was provided for a better outcome of the treatment.
Data analysis
This section describes how the data has been analysed for all the six research questions.
Analysis for research questions 1 and 2
The text of the entire paper especially the description of CBI was read in detail to determine all the modalities used in the CBI. The text was also analysed to identify if these modalities are used separately or different subsets of modalities are used in combination. 
Analysis for research question 3
The performance of children is measured at two levels: (1) before using CBI, and (2) during and after using CBI. In the first level of assessment, data related to baseline measurement is considered, while aggregation of data in terms of intervention, generalisation, and maintenance is used at the second level of assessment.
The list of variables utilised for data analysis in the studies includes the following:
1. Performance of children during and after using CBI (dependent, ratio); 2. Performance of children before using CBI (dependent, ratio); 3. Study (independent, nominal).
The performance levels are compared using a form of multivariate. The analysis of variance is used to test the difference between the performance of children in the two above-mentioned levels. The test of differences between the two levels is conducted with two measurements, while "study" is an independent variable; therefore, one-way MANOVA (multivariate analysis of variance) is used for the analysis. The one-way MANOVA is based on one categorical independent variable and two or more dependent variables [78] . Although MANOVA is similar to ANOVA, the former is used with two or more dependent variables [108] . Table 2 includes the data provided from 14 studies. Pretraining and Post-training show the performance of children before and after using CBIs for each study. In the studies, the performance of students may be calculated in several ways and scales so we normalised the reported data before use. Then, the MANOVA test carried out on data. IBM SPSS Statistics 20.0 used to conduct MANOVA test and generated results reported in Sect. 5.3.
A T test is also performed on pre-training and post-training data (Table 2 ) to examine H1 when the "study" is a covariant and only the following two variables are involved:
1. Performance of children during and after using CBI (dependent, ratio); 2. Performance of children before (without) using CBI (dependent, ratio).
The Kolmogorov-Smirnov test [100] is also conducted to verify that the samples are from a known population that has a normal distribution. The Post hoc tests are also used to perform a separate comparison between pre-test and posttest analysis.
Analysis for research question 4
The effectiveness of CBI in the generalisation of information is tested using a form of repeated measures. In the studies, which contain generalisation tests, at least three measurements are conducted i.e., during baseline, intervention and generalisation. There are a few studies like study (2) , in which two tests of generalisation are conducted and considered to be generalisation 1 and generalisation 2, respectively. The results of generalisation 1 and 2 are aggregated as one generalisation variable to measure the effectiveness of systems in the generalisation of information. The following two alternate hypotheses are tested:
• H1: There is a significant difference between the measures in baseline and generalisation.
The Analysis of Variance (ANOVA) is used to test the differences between the baseline and generalisation. The test of differences between measures is conducted repeatedly, while other conditions such as participants who take part in the evaluation, i.e., children with ASD remain the same. Therefore, split-plot ANOVA (SPANOVA) is used for the analysis. The SPANOVA is used to test the differences between two or more independent groups, while subjecting participants are repeatedly measured [78] . The following assumptions must be taken into account when performing a SPANOVA test: Each sample is independently and randomly selected; The Kolmogorov-Smirnov test is conducted to determine whether the distribution of the response variables follows a normal distribution;
At the group levels, the values of population variances are equal for all the responses. The significance of the results is verified through the p value of 0.05.
A number of different analyses like MANOVA are possible to analyse the variables, though SPANOVA is a better tool and well established to analyse multiple variables of play therapy research [26, 133] . In addition, SPANOVA can be used to explore a variety of studies in generalisation, maintenance and teacher performance and CBI together. Therefore, SPANOVA was performed to answer Questions 4, 5 and 6.
The results of SPANOVA used to examine the performance rates of CBI in generalisation with normalised data are shown in Table 3 .
SPANOVA is used to examine the performance rates of CBIs in different studies with normalised data.
• H2: A significant relationship exists between the measures of intervention and generalisation.
Pearson correlation coefficient (CC) test is conducted to analyse the relationship between the performance of children in the intervention and that of generalisation (Table 3 ). This test is used to ascertain the degree and type of relationship of one quantitative variable with another quantitative variable. CC is one of the factors used to determine the correlation between two variables [43] and IBM SPSS Statistics 20.0 is used for this purpose. The R values denote the correlation coefficient which represents the closeness of data in a scatterplot fall along a straight line. It becomes possible to represent data in the form of a linear equation if the absolute value of R values is close to one. However, if the R values are close to zero then it indicates that there is no straight-line relationship.
Analysis for research question 5
The effectiveness of CBI in the maintenance of information is tested using a form of repeated measures. For testing the maintenance, at least three measurements are conducted in the studies of baseline, intervention and maintenance. In two studies (Studies 9 and 10), the test of maintenance is conducted twice; therefore, both of them are considered maintenance 1 and maintenance 2. However, the results of both tests are aggregated when the tests are conducted to measure the effectiveness of systems in the maintenance of information over a period of time. The analysis is also conducted for studies 9 and 10 with two maintenance measurements. Similar to H2, SPANOVA is performed to test the efficiency of CBI in maintenance on normalised data from the studies (Table 4) .
3.1.6.5 Analysis for research question 6 SPANOVA analysis is conducted to determine which amongst the three different methods (teacher only, teacher and CBI, and CBI only) of teaching children with ASD is more effective. The performance of children has been measured in two steps, i.e., baseline and intervention. Post hoc tests are used to conduct a separate comparison between the mentioned teaching methods.
Conducting the review
In this section of the paper, the findings of the search of the relevant articles conducted are presented.
Study search and selection
The basic selection criteria for the inclusion of primary studies in our review paper were based on the review of the title, abstract and keywords. However, in certain cases, it was difficult to make a decision based on title, abstract and keywords. A simple solution to the problem was to read the sections that contained the introduction and conclusion of the entire article; with this step of action, we would be able to select a research paper or omit it based on the set of predetermined inclusion criteria. We also carried out the manual search of the list of references in the included studies, and incorporated in the current review all those studies that satisfied the above-mentioned inclusion criteria. Hence, a wider range of studies was gathered into this review.
Validity controls

Tests for data analysis
We checked the five essential assumptions [78] in factor analysis. The essential assumptions are as the following: (1) continuous level of multivariables; (2) linear relation between all the variables; (3) sampling adequacy; (4) appropriate for data reduction; and (5) no significant outliers. Certain assumptions taken into consideration to perform ANOVA test include: (1) each sample is an independent sample; (2) Normal distribution (the Kolmogorov-Smirnov test is conducted to verify that the sample comes from the known population as well as normal distribution.); (3) at the group level, the population variances are equal responses. The significance of the results is checked through p value at the level of 0.05.
Inter-rater agreement
In order to ensure a high degree of reliability of the search procedure carried out, all authors of this paper independently assessed each of the fourteen shortlisted studies according to the predetermined inclusion criteria. Only those studies that satisfied all the criteria were accepted, while the rest were rejected. Based on the results, there was a unanimous decision with regard to the studies shortlisted for inclusion in this review.
Results
The yearwise distribution of all the shortlisted studies is shown in Fig. 2 , while a summary of the content of these studies is shown in Table 5 . The first seven studies are related to language comprehension skills, whereas the remaining seven are related to decoding skills. Column 1 shows the study number which will be used during the discussion of research questions 3, 4, 5 and 6; the study numbers will be represented in the brackets and study (6) or studies (3, 5, and 6) are two examples of the same. Column 2 shows the citation of each study, while the focus of each study is mentioned in Column 3. Column 4 presents information about the participants involved in the study, and all the modalities used in CBIs are shown in Column 5. Column 6 indicates the outcomes of using CBI, while the certainty level of study is described in Column 7.
Discussion
In this section, the results of the current systematic review are analysed in an attempt to answer all the research questions presented in Sect. 3.1.1. Among the set of seven studies related to language comprehension skills, it was found that a subset of modalities, i.e., text, graphics, audio and video were used in most of the studies; therefore, this subset is termed "basic modalities", as shown in column 5 of Table 2 . In addition to basic modalities, virtual/animated characters were also used in the studies. These characters are used for multimodal interactions between a child and the CBI. Among most of these characters, both face and lip movements are synchronised to make the characters appear like a human being. These characters have varying functionalities: the ability to walk, talk, use different gestures and perform different tasks, and so on. The studies that employed these modalities are briefly described below. In the study by Basil and Reyes [13] , students took part in the learning activities using a CBI called "Delta Message", followed by a test task. During learning activities, they were shown a set of words and asked to construct a sentence by making use of the whole-word selection process. Once they had completed a sentence by dragging whole words to any place in the sentence they wanted, the words were articulated in the form of digital speech; at the same time, they also saw the animation of the sentence they had constructed. However, during the test task, the above process occurred in the reverse order. That is, students were asked to construct appropriate sentences that described actions shown in the image. Results showed improvements in the production of the sentences targeted in the program developed, as well as the capability of synthesising and spelling all those words which were not available in the application.
Two studies by Bosseler and Massaro [27] , as well as one by Massaro and Bosseler [113] , used a 3D animated character called Baldi as a mode of communication to teach vocabulary to children with autism. Children were given verbal instructions and shown a set of images for them to select the correct image. In one of their experiments, they only played the audio of human voice; in another experiment, they showed Baldi as well. The authors found children had better interactions and learned more when Baldi was shown.
The development of a 3D life-like (computer-animated) head that talks was primarily motivated by integrating all the features that are typically seen when two faces are in communication with each other (such as emotion, speech with lip synchronisation, and an intention). The visible speech of talking head Baldi is as close as the visible speech of a natural speaker [41, 112] . Baldi's mouth is also made as close to the mouth of natural human mouth as possible by providing teeth, tongue and a palate. The training of tongue movement was also carried out to mimic the natural tongue movement.
Hetzroni and Tannous [73] conducted research to enhance communication functions among children with autism. Activities of daily life focused on in the program included play, food, and hygiene. Five variables were investigated by the authors; these variables include: (1) delayed echolalia, (2) immediate echolalia, (3) irrelevant speech, (4) relevant speech, and (5) communicative initiations. Results showed that fewer sentences were produced by all the children and the sentences had delayed echolalia and irrelevant speech. Generally, the majority of the children who produced fewer sentences showed these effects: they had immediate echolalia; increase in the number of communicative initiations; and increase in the amount of relevant speech. The generalisation of the knowledge learned to a typical classroom environment was also seen in these children. The authors had mentioned that when the children were allowed to practise in an environment of controlled and structured settings, there would be a greater number of opportunities for them to interact with one another in the activities related to play, food, and hygiene. This allowed them to generalise the material learned and then transfer their knowledge to a typical classroom environment.
The study by Hetzroni and Shalem [72] covered the teaching of orthographic symbols. The authors used the sevenstep fading procedure to teach identification of words from commercially available logos that depicted food items. The results showed that children were able to identify orthographic symbols and maintained performance over the set time frame. These children were also able to generalise it to daily activities within the class.
The authors in Moore and Calvert [127] compared attention following, motivation and learning of words by children using CBI with behavioural programmes in which a teacher was involved. This CBI made use of basic modalities. The authors found that children were more attentive and motivated when using CBI; they learned more words and increased their vocabulary and reading comprehension ability. Whalen et al. [170] used an online system known as 'TeachTown: Basics' to support children with autism learn vocabulary apart from cognitive thinking and social communication skills. Students were given verbal prompts by the program and asked to respond to a question based on 3 to 8 choices displayed. The correct answer was reinforced with verbal praise and a short animation. The authors found that CBI played an effective role in teaching various skills to children with autism and all the students showed improvement in knowledge when results were compared between the pre-tests and the post-tests. Furthermore, students using the CBI for a longer time showed more improvements than the students who used it for a shorter time. A summary of modalities and CBIs used is shown in Fig. 3 .
RQ2: Which modalities have been used for the decoding skills of children with ASD?
Among the set of seven studies related to decoding skills, all were found to have used basic modalities as shown in column 6 of Table 5 . There were a few studies which had also used a video model in which desire behaviours were learned by watching the video demonstrations of some models and then the user was asked to imitate the same behaviour. The studies which had used these modalities are briefly described below. Coleman-Martin et al. [42] conducted a study to investigate the use of computer-assisted instruction (CAI) for children with autism to learn word identification using the nonverbal reading approach (NRA). The study was conducted in three conditions: (1) teacher only; (2) both teacher and CAI; and (3) CAI only. In CAI, Microsoft PowerPoint was used to present words; each slide had a visual and an audio component. Results indicated that CAI can be used to provide efficient use of NRA. This would allow teachers to save their time and provide an opportunity for each student to do more practice of decoding and word identification independently. It was also found that students learning through teacher-only condition took more time to learn the words.
Hetzroni et al. [71] designed a study to investigate whether the use of assistive technology by girls with Rett syndrome could help them to identify symbols. The items were shown in the form of pictures together with a voice asking to select the right option. Items were randomly placed on the screen to prevent position bias. One or two items were used as foils with one correct item, which was to be identified by the student. If a correct selection was made, the symbol re-appeared with a happy smiley face in the centre of the screen and a picture of the referent. If an incorrect selection was made, the correct response appeared with a sad face in the centre of the screen. Results showed a steady learning curve of girls in four sets of different symbols and a partial retention of knowledge during the maintenance phase.
Mechling and Gast [118] and Mechling et al. [119] conducted a study to evaluate whether multi-media instruction could be used with students with intellectual disabilities to learn how to locate grocery items at grocery store by reading words displayed on the aisle signs related to item they are interested to buy. Multi-media instruction was provided using a combination of text, images and the video records of different grocery items and the words to be located on the aisle signs associated with each grocery item. As indicated in the results, the multi-media program was an excellent method to teach children generalised reading of the aisle signs and grocery items in the store.
Delano [52] conducted an exploratory study to investigate the effect of self-regulated strategy development (SRSD) instruction on the rate of words written and rate of functional essay elements. The results showed that each student shows an improvement in the number of words written and a number of functional essay elements using SSRD.
A study was conducted by Schlosser and Blischak [151] to evaluate the effect of speech and print feedback on spelling performance. A speech-generating device was used in the study under three feedback conditions: (1) auditory-visual Fig. 3 Modalities used in the CBIs for language comprehension skills of children with ASD condition in which they received both speech and printed feedback; (2) only auditory; and (3) only visual conditions, in which only 1 type of feedback was provided. Based on their evaluation, the authors concluded that (1) children who demonstrated visual learning could spell words efficiently if they received feedback in the form of printed text on screen and (2) children who were comfortable in using audio could spell words more efficiently if they were provided with feedback in the form of speech.
A study by Kinney et al. [94] investigated the use of computer video models and video rewards for children with ASD to learn generative spelling. This study was conducted in four different phases. In Phase 1, the target words being written by a teacher were shown to the child using a video model of the teacher. In Phase 2, the spelling of four novel words was learned by the child who arranged them into a 3-by-3 matrix having a combination of beginning consonants and word endings. In the last two Phases, the spelling of subsets of four three-by-three matrices was learned by the child. Results of the study showed that the child enthusiastically took part, learning a substantial number of written spelling and maintaining most of the words. The child was quite successful in the generalisation and maintenance tests carried out at home and the school during the study. A summary of the modalities and CBIs used is shown in Fig. 4 . The modalities are classified and displayed according to their use in the system, i.e., either for input or output. All modalities related to each other are grouped together and shown in a separate rounded rectangle, where each group is given a name representing the gist of modalities in it. For instance, output modalities including text, graphics, animation, video models, and virtual characters are grouped together with the name 'visual.' The centre part of the figure shows the types of CBIs that have been developed. In comparison with the modalities shown in Fig. 4 , it can be seen that the use of different modalities like video model or speech among others has increased. The modalities in this figure represent both the sensing and action from Fig. 1 .
RQ3: Are CBIs found in RQ #1 and RQ #2 effective?
Among language comprehension skills, (N = 6 out of 7) 84% of the studies revealed positive results, whereas on decoding skills, (N = 7 out of 7) 100% of the studies reported positive findings on using CBIs. One study (5) on language comprehension showed mixed results for the participants i.e., a few of the participants showed improvement, while the remaining did not exhibit any improvement.
The estimated marginal means demonstrates that the CBIs improved children's performance in all the studies except study 5, as shown in Fig. 5 . Table 2 shows the performance of children before and after using CBIs for each study. N is the number of children and mean is the average of their performance. In study (5) , the performance has some reduction from 1.94 to 1.63, while the two studies (7 and 14) have a significant improvement.
The results of the one-way MANOVA test (as shown in Table 11 of Sect. 8) shows that there is a significant difference in the performance of children between the three levels of measurement (see Sect. 3.1.6.2): [F (1, 80) = 882.290, p < .05]. Therefore, the null hypothesis is rejected and CBI is statistically effective in the performance of children. There are significant differences among the studies in terms of improvement in the performance of children: [F (11, 80) = 33.072, p < .05]. This shows that the use of CBI has a significant effect in the performance of children.
The results of post hoc tests show homogeneity among the studies; therefore, studies in the same subset are similar in terms of participants' performance using CBI (as shown in Table 12 of Sect. 8). The study (5) does not share the homogeny of any other studies.
The T test results also reject the null hypothesis and show the overall efficiency of CBI: [F (1, 148) = 39.664, p < .05] (as shown in Table 13 of Sect. 8). 
RQ4: Are CBIs effective in the generalisation of information?
In studies 2, 9 and 14, the children in the intervention step have better performance than that of generalisation. In studies 4, 11, 12 and 13, the CBIs provide an efficient generalisation (Fig. 6) . Four studies, i.e., studies 5, 7, 8 and 9 had performed generalisation tests though the researchers had not presented the results; hence, it is not possible to analyse the performance of CBIs used in those studies. It can be seen that the performance of children in study 12 during the baseline is almost zero. This is because speech output was turned off and the display of the system was also covered, such that the child could not learn from the speech and printed feedback, while the test in the baseline was being conducted. Furthermore, instead of providing corrective feedback, they Fig. 5 Performance of children before and after using CBIs systems Fig. 6 Generalisation of information through using CBIs were only provided with the intermittent spoken praise "You are doing fine". In study 12, there is a maximum difference between the performance of the baseline and the generalisation. In study (13) , there is a maximum difference between the performance of intervention and that of generalisation. Therefore, the systems in studies (12 and 13) are more efficient than the others in terms of generalisation of information by the users.
In study 12, the researchers provided instructions to the children using simulated multi-media program with text, photographs, and video recordings so that they could locate grocery items by reading words on the aisle signs that were associated with the target item word. Although the results showed that children were able to generalise the grocery from one store to another, the researchers mentioned that this item generalisation was limited to a particular item brand that was taught from the program. If shown the same product of another brand, they were unable to identify whether the item was the same or different.
The researchers in study 13 made use of subjective viewpoints [131] to create video segments by relocating the camera as though it were the student who moved from place to place to perform the tasks. The benefit of using subjective views is that it facilitates the student in seeing how the actual environment would look like and how they would perform each step to accomplish the day-to-day tasks assigned to them.
As shown in Table 14 of Sect. 8, the SPANOVA results show that there is a significant difference in the performance of children between the baseline and generalisation measures: [F (1, 37) = 53.239, p < .05]. Therefore, the null hypothesis is rejected and CBI is statistically effective in generalisation of information. Moreover, there is a significant difference between study*measures: [F (6, 37) = 601.147, p < .05]. Therefore, the implementation of CBI method in the studies has a direct impact on the efficiency of generalisation.
The results of tests for subject effects indicate that the studies have a statistically significant effect on the dependent variable, i.e., "performance of children": [F (11, 80) = 34.631, p < .05] as shown in Table 15 of Sect. 8. Table 6 shows that the percentage of generalisation is higher compared with that of the intervention; therefore, the use CBI increases the generalisation of information.
The results of CC test as shown in Fig. 7 indicate that there is no statistically significant relation between the baseline and intervention as well as between the baseline and generalisation. It indicates that the CBI systems have different effects on learning and generalisation. However, there is a significant and linear relation between intervention and generalisation. Therefore, CBI systems have the same effect and success rates in terms of learning process and generalisation.
RQ5: Are CBIs effective in terms of maintenance or retention of information over the period of time?
One of the seven studies on language comprehension skills and four (N = 4 out of 7) of the studies on decoding skills covered the evaluation of skill maintenance after the withdrawal of intervention between 1 week and 10 months. All of them reported positive findings. Two studies (8 and 9) started maintenance just after a week of withdrawal from intervention; one study (10) carried out maintenance after 4 weeks and again after 10 months. Studies that have maintenance generally produce stronger intervention results and have long-lasting effects compared to studies without maintenance. Table 6 shows the means of measurements at the baseline, intervention and maintenance. Study 14 has provided the maximum maintenance ability to children, while study 8 with the maximum baseline that has a moderate maintenance; the quality of systems has a high impact on maintenance. From study 14, it can be seen that the performance of children with interest in specific types of feedback (print, speech or both print and speech) continues to improve in the maintenance. If the child is verbal, the verbal feedback helps him in the learning of contents, and s/he performs better during and after the withdrawal of intervention. The same trend can also be seen for the feedback based on print only as well as speech and print.
In all studies, the measurement of maintenance is higher than those of the baseline and intervention; this shows that CBIs are effective and allow children to retain information for a longer period of time (Fig. 8) .
The results of SPANOVA assumptions for normality, homogeneity of covariance, and linearity are satisfactory. The result of Sphericity Mauchly is significant; therefore, adjustment of the df value is required by referring to the Huynh-Feldt value. The results of Huynh-Feldt show the significant differences between the baseline, intervention and maintenance as shown in Table 16 of Sect. 8.
After the df adjustment, the SPANOVA (within-subjects factor) results (Table 17 of Sect. 8) show the main effect of the multimodal system on learning, which is the overall multimodal effect. There is a main effect for the repeated variable MEASURE, [F (1, 38) = 25.381 p < .05]; The results of SPANOVA (tests between subject effects) (see Table 18 of Sect. 8) show that there is a significant difference between studies, where [F (6, 38) = 18.517, p < .05]. Therefore, the implementation method of CBI, which is adapted in the studies, has a direct impact on the efficiency of maintenance.
For Studies 9 and 10, there are two measurements for maintenance: maintenance 1 and maintenance 2. Study 9 shows better performance until it reaches maintenance 1 and Study 10 is more successful in maintenance 2 (Fig. 9) .
As shown in the results contained in Table 7 , the children's performance is reduced for maintenance 2 in both studies; however, the reduction in Study 9 is less than that of study 10.
RQ6: Does the use of a teacher and CBI
together provide better results in the learning of children? Table 8 shows that the use of "Teacher and CBI" together provided better results for the learning of children compared with that of the CBI or teacher only, while the CBI only method has provided better results than that of teacher only. The results of SPANOVA show that there is a significant difference between teacher and "Teacher and CBI" method in the learning quality: [F (2,57) = 10.113, p < .05] (see Table 19 of Sect. 8).
As shown in Fig. 10 , "Teacher and CBI" is the most effective method of learning, followed by "CBI only" and "Teacher only". It can be seen that "Teacher only" is the weakest of the three types of teaching methods used in the studies to teach these children.
The results (as shown in Table 20 of Sect. 8) of the post hoc test show that the "Teacher and CBI" method is more effective than "CBI only"; however, there is no significant difference between "Teacher and CBI" and "CBI only", where p value is 0.984. The "CBI only" is more effective than "teacher only", but there is no significant difference between "CBI only" and "teacher only", where p value is 0.119.
Certainty of evidence
The certainty of evidence for intervention effects was rated as proponents for six studies [13, 73, 113, 127, 151, 170] . Preponderant ratings were assigned due to these studies' inability to control for alternative explanations for treatment effects and/or reporting of insufficient detail to enable replication. Six studies were rated as providing conclusive level of certainty [27, 42, 52, 72, 118, 120] . For the remaining two studies [71, 94] , the certainty of evidence for intervention effects was judged to be suggestive. Table 5 provides specific reasoning behind each of the ratings given to each study.
Limitations of our study
In this review, the published research articles which directly answer one or more of the research questions were shortlisted based on a number of parameters: (1) specific years of time frame; (2) chosen keywords; (3) journals in related databases; and (4) the inclusion and exclusion criteria. Thus, the use of selected values of chosen parameters in this comprehensive review can be considered as a limitation of this systematic literature review.
Recommendations for further research
The analysis in this research has highlighted that despite a fewer number of CBIs for language comprehension and decoding skills found, the use of these CBIs has benefited children, despite a very limited number of modalities used 
Potential modalities
There is a need for effective CBIs which incorporate different modalities for language comprehension skills and support in the generalisation and maintenance of skills learned. Figure 11 shows a summary of other modalities gathered from the in-depth discussion on the topic of multimodal interfaces by [134] . Oviatt has conducted an exploratory research study on various aspects of multimodal interaction, multimodal interface design, development of systems to support interfaces and the modalities used in the interfaces among others. The information gathered from Oviatt is used to identify potential modalities that can be incorporated in the CBIs of language comprehension and decoding skills for children with ASD. The compiled information is shown in Fig. 11 . The centre of the figure shows the types of CBIs in rounded rectangles that could be developed using the modalities shown on the left and right side of the figure.
Highlighted in purple, are the modalities incorporated in the CBIs for other skills of children with ASD, while the modalities used for typical users are shown in black. Researchers can use one or more of these modalities in the design and development of CBIs for children with ASD, and determine the effectiveness on the learning of children. Based on the information shown in Fig. 11 , a quick search was performed in all databases mentioned in Sect. 3.1.2 to identify serious games (SG), virtual learning environments (VLE), augmented reality (AR) or multi-media systems (MS) that had been designed and developed for other skills of children affected by ASD. Table 9 contains the references of all studies in which researchers had either implemented or used SG, VLE or MS. Furthermore, a brief description of all the potential modalities, along with a list of references which contain the usages of these modalities, is provided in Table 10 .
Serious games (SG), virtual learning
environments (VLE) and augmented reality (AR) Table 9 shows that SG, VLE, and AR were commonly used CBIs in which various modalities were combined together by the researchers; the usefulness and need of both are briefly discussed below. Children with autism are visual learners [70] , and some have higher visual processing abilities than typical developing children of the same age [31] . Serious games can exploit rich features of gaming to provide an interactive platform to the users while keeping these children engaged in the learning and having fun [90] . The use of SG to provide education of other skills to children with ASD shows that they are underutilised for language comprehension and decoding skills. This would provide many opportunities for research on how serious games can be employed using different combinations of modalities; for instance, pen and speech, gestures and speech and others concerning the learning of the both above-mentioned skills in these children. Further research should also be conducted on the framework Fig. 11 Potential modalities for the CBIs of language comprehension and decoding skills for children with ASD development to design or evaluate serious games for children with ASD.
Children with ASD prefer an environment in which they can actively take part as protagonists [123] . This is one of many reasons that VLE and AR can play a significant role in training children suffering from ASD to learn various tasks and skills. While simulating a real worldbased scenario in computers, a learning environment that is safe, controlled, repeatable and diversifiable is present at the same time; this characteristic is very helpful to both instructors and therapists [19] . AR supplements the real world with information from the virtual world and mixed reality (MR) uses a combination of VR and MR. The interaction with the VR world requires at least a specialised VR headset, while the use of AR application can minimally work with the smartphone as well. The use of mobile AR (MAR) has increased and is expected to dominate market by 2022 in comparison to VR [121] . Future research may investigate the effect of using VLE, AR/MAR and MR with different modalities incorporated for language comprehension skills of children with ASD.
Evaluation factors
The evaluation factors widely exploited in the shortlisted studies include continuous monitoring of a child's performance especially during the periods between the start and end of intervention, generalisation of the information learned, and the maintenance of information. In addition to these factors, researchers can implement different features to record other sets of information, for instance, the amount of time spent on tasks, and interaction of participants with the system, i.e., attention, motivation, enjoyment factors, among others. Facial expression It is a type of nonverbal communication among users. However, in computers, it can be used as an input to the system for further processing or to change the look and feel of the user interface based on expression. For instance, if a user is angry or bored, the look and feel of the user interface are changed to catch attention of the user, make them attentive and feel comfortable. It can also be used as an output to inform the user about the result [15, 68, 76] Joystick It is used as an input device to manoeuvre around the user interface and interact with the objects present in it. This interaction takes place by pressing buttons on the device just like a user performs clicks through a mouse [125, 139, 140] Speech It allows children to communicate with a system by using their natural speech. Speech recognition engine is used in the system to record speech-based input given by the user for further processing [15, 106] Body movement/posture It is typically used in immersive virtual environments, where a user is given the perception of being physically present in a non-physical work. The user plays the role of some character in the environment and all the movements and postures performed by the user in reality are reflected back in the virtual world [15, 106] Emotion It is used to express feelings. Typically such feelings are provided by the user as an input to the system. These feelings can be expressed through face or voice [68] Multi-touch Systems supporting this modality are capable of detecting and processing simultaneous input provided by the hands of different users [15, 62] Eye gaze It is used as an alternative to mouse. It allows users to interact with the system through their eyes. The movement of eyes is continuously captured through a video camera and processed in real-time. The mouse cursor is moved based on the processing performed and blinking of an eye typically performs the same function as of a single click of a mouse [76] 
Generalisation
Out of 14 shortlisted studies N = 11 (79%) contained tests of generalisation in their studies; however, seven studies presented the results of these tests. The statistical analysis of results in these studies revealed positive outcomes. The assessment of generalisation of the targeted skills should be part of all future studies that evaluate CBIs for this population. Furthermore, teachers and caregivers should also be trained if the generalisation of learned skills is to take place in the natural environment. This would ensure that they play their role when the assessment of generalisation takes place.
Maintenance
Tests of maintenance were conducted in five studies which is one-third of all the studies found; the statistical analyses of these studies revealed positive results in the children. This suggests that maintenance assessment should be incorporated in all future studies to determine the long-term performance of the skills learned by the participants using CBIs, after the withdrawal of intervention.
Design and evaluation
The usage of any CBI lies in the design and evaluation to ensure that children affected by ASD would be able to use with the least possible guidance or hindrance. Analyses of all shortlisted studies revealed that researchers had not taken any one approach for the evaluation of their CBIs. There are various approaches that can be used for the evaluation of these CBIs. First, researchers can use participatory design and involve these children as the stakeholders in the design of CBIs [21, 109] . Another approach is to use the capabilities of a domain expert for the evaluation of CBIs. Khowaja et al. [92] developed a modified set of 15 heuristics to evaluate an interactive system during the early design stage so that the system may be improved before children with ASD begin using it.
Conclusion
This systematic review began by setting the publication period from January 2000 to June 2015 for the selection of relevant studies, to answer six research questions providing insight into the modalities used in the CBIs developed to support children in the learning of language comprehension skills and decoding skills. It also provided details about the effectiveness of these CBIs in terms of learning, generalisation and maintenance of information. The findings of this research have shown that a very limited number of modalities have been used in CBIs, especially in the CBIs for language comprehension skills in comparison with CBIs for decoding skills. More experimental research studies related to the development of CBIs for language comprehension skills with the use of new and different modalities are required to better understand the effectiveness of these CBIs in terms of outcome, generalisation and maintenance of the skills learned.
To support and motivate children with ASD in the generalisation of skills, the researchers have recommended to use CBI in conjunction with a group activity or with an adult tutor [66, 96] as cited in Ref. [144] .
The overall results of using these CBIs have turned out to be effective as evidenced by learning improvements in the children. Definitive conclusions pertaining to the effectiveness of CBIs for particular interventions cannot be drawn. This is due to the diversity in the implementation of CBIs to evaluate generalisation and maintenance of skills among the children. The use of limited modalities in the CBIs cannot be used as a basis to reach some form of solid conclusion.
However, overall, these interventions appear to be effective across age, diagnosis, and skills of children with ASD. Few studies indicated failures among students to generalise skills to new stimuli, conditions or settings. Similarly, some studies reported an increase in variability or a decrease in skills among children during the assessment of maintenance. These findings indicate that some children require additional time to use interventions for generalisation and maintenance. Furthermore, it is difficult to make an accurate comparison between the studies due to the vast differences in experimental settings, which include variability in the target behaviours, interventions, settings, conditions and outcomes. However, the children have benefited more when the teacher and CBI are used together rather than using either of them alone. 
